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evidence for CDM

@® galactic rotation curves

® velocity dispersion of galaxies in clusters

74% Dark Energy

® CMB data and SN Ia data

® distribution of galaxies k

R0 Atoms

® strong lensing measurements of background
objects (usually galaxies)

® bullet cluster
® success of BBN (DM is non-baryonic)
® growth of structure (cold DM)
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WIMP DM

Assuming thermal equilibrium:
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Comoving Number Density

X /

«— tame —

For: T < M, Ny o €

Too little DM

|
about right

3 x 10~*%cm?s~! 01 « a?/(100GeV)?
(o) o (o)

Oh? ~ 0.1 X



Thermal DM signals

Direct Detection scattering off
normal matter, Xe, Ar, Ge, Si:

TX f

Indirect detection: Dark matter
annihilation info gamma-rays,
cosmic rays, neutrinos

X /
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«— time

Dark matter production at colliders



Direct Detection:

scatter from the
Atomic Electrons

Notation/input: :
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Direct Detection,

WIMP—-nucleon cross section [cm?]

Spin-Inde

10—37

10—38 i
10—39 i
10740}
10—41 i
10—42 i
10—43 i

10744

10—45 L
10-46!1
10747}
10748}
1074}

10—50

pendent Landscap

- 107!
-,
747/0 ;(2 0 7 10_2
] CoGeNT 110=3
%‘Q‘o\‘ (2012) 10
ety » 10
RN
\“\\ \\ w s\M LE PP (20‘\2\ . 10—5
\\\ = 9 T 2012
A& P59 {107°
N
- GOy, EL -- = - r\OV\‘\OOk 0\ ) 10—7
 7Bo o SUACE e
Neutrinos N',
d 1107?
Neutrinos
‘ 110710
e #1011
‘ "T aN utrinos 1 10—12
s peTERNS | 0spNC and D™ {10713
N
L 0—14
1 10 100 1000 10!1

WIMP Mass [GeV/c?]

WIMP—nucleon cross section [pb]



Update from CoGeNT
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o L8 Update from LUX
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The strongest limit in a very wide mass range
(factor of 20 stronger than XenonlOO). Energy
scale calibration and velocity profile can still
affect the limits at the lower mass range.




Update from SuperCDMS
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CDMSlite result: |\ % ____________ __________ _______________________

PRL 2014
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Update from COUPP-> PICO

Currently 60 kg of CF3l

With PICASSO (PICO) 4kg of C3F'g
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DarkSide

1. Argon TPC

~ 50 kg of liquid argon in
19 PMTs at top and bottom

Background rejection through: i) pulse
shape discrimination, ii) ionization to
scintillation ratio and iii) 3D position
reconstruction.

2. Neutron Veto

Ensures large capture cross-section
of n on B. Captured neutrons produce
alpha particles that are easy to detect.
Also provides in-situ measurement of
neutron background.

3. Muon Veto

Water tank surrounding neutron veto and
providing active rejection of cosmogenic
iInduced backgrounds as well as shielding

gamma-rays for neutron veto. Special thanks to
Y. Guardincerri & S.Pordes




Pulse Shape Discrimination in Argon: electrons and nuclear recoils create different
excitation densities in Ar ->different densities of singlet and triplet excited states. Those
states have large difference in lifetimes (7ns for singlet and |.6 mus for triplet) leading to

very different scintillation time profiles
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Evolution of the WIMP—-Nucleon o
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Indirect detection: Cosmic-rays, gamma-rays and
multi-wavelength approach

With CR spectral measurements
we

, and probe sources of
high energy CRs. Antimatter CRs
indirectly also probe DM. Combine
with gamma-ray and radio obser-
vations. Look for a DM signal.

Fermi two-year all-sky map

other

g

The Planck one-year all-sky suruey Eesa




Lunched on May 2011, will collect data for 20 yrs.
Will measure all CR nuclei species up to Ni.

positron fraction,
positrons,electrons
spectra,
antiproton/proton
B/C, BelO/Be9
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Annihilating Dark Matter Interpretation Models

Physical models that work with all data; leptons/ antiprotons/ gamma-

rays/ microwave (Models with Sommerfeld enhancement)

XDM e"e™ p*u~ n*n” (1:1:2), mg = 900 MeV
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Lack of spectral features in the positron fraction: LIMITS on lighter WIMPs
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Gamma-rays

Fermi SKY

Known sources/for the obsgrved gamma-rays are:
i)Galactic Diffuse: decay of piOs (and other mesons) from pp (NN)
collisions (CR nuclei ipelastic collisions with ISM gas), bremsstrahlung
radiation off CR e, Anverse Comipton scattering (ICS): up-scattering of
CMB and IR, optical photons/from CR e

ii)from point sources (galactic or extra galactic) (1873 detected in the
first 2 years)

iii)Extragalactic Isojropic

iv)“extended sources”

iv)misidentified CRs (isotropic dew to diffusion of CRs in the Galaxy)



Diffuse Gamma-Ray maps, examples

Spherical DM halo
"BphTM" template

Galactic Diffuse Background at 106—-116 & 123—-135 GeV
“Baek” template

—5.0 e— s (.0 Log (Flux(Normalized st GCJ)
—5.0 — s 0.0 Log (Flux{Normalized at GC))

Spherical DM halo & substructures
Spherical DM halo with a maximal dark disk Template "SphOM" + “SubDM" template

"BphDM” + “DarkDisk" + '"MivedDM” combined template

—5.0 e— s 0.0 Log (Flux(Normalized st GC)}
—5.0

s 0.0 Log {Flux(Normalized st GCJ}
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Looking for DM annihilation signals

For a DM annihilation signal
We want to observe:
dcb / / ()
A7 dE DM

2
2mx

@ Hardening of a spectrum without a clear cut-off

localized in a certain region (Fermi haze->Fermi
bubbles)

@® Hardening of a spectrum with a clear cut-off: 710 GeV
DM claims towards the Galactic Center (GC) inner few
degrees

® Line or lines

® One of the most likely targets is the GC (though
backgrounds also peak), others are the known
substructure (dSphs) or Galaxy clusters



DM annihilation spectra

Bringmann & Weniger (2012)
L \
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1.0 - 3.16 GeV

The First studies: Hooper & Goodenough:
(arXiv:0910:2998 & 1010.2752)

Galactic latitude (b)

A possible DM signal from the GC? (GeV excess)

Gordon & Macias (1306.5725)
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Spectrum has a sharp spectral cut-off:
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The case of a gamma-ray line at the galactic center
The DM profile: Looking for spectral features (HESS):
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Significance of dwarf spheroidal galaxies
for Dark Matter annihilation signal searches

D T e ——p——————

Mass (GeV/c?)

dwarf Spheroidal galaxies are low luminosity galaxies
(spheroidal in shape) containing ~10-100 million stars
with the-observed ones being companions to our
Gataxy or to Andromeda. Their typical mass is =~ 100
times smaller than our galaxy.

Why we care:

among the most dark matter-dominated galaxies
with very low baryonic gas densities, and
suppressed star formation rates ->

flux of gamma-rays from individual sources and
CRs interacting with local medium is low (small
backgrounds in gammas),

thus a "good” target to look for a DM signal in

i gamma-rays, especially for defectors as the

| Fermi-LAT, Air-Cherenkov telescopes
1 (Evans,Ferrer&Sarkar 04, Colafrancesco,Profumo,Ullio 07,
1 Strigari, Koushiappas, Bullok, Koplinghat 07, ...)



Constraints from High Latitudes (mainly extragalactic)

Extragalactic diffuse gamma-rays are isotropically distributed.There are
many astrophysical sources that suffer from relatively large uncertainties.
Correlating to radio we can extract some of their properties and model them

out. — Build models for th

e non-DM contribution an

d derive limits on DM.
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An example of indirect detection limits: Wino DM

95% CL upper limits:

Experiment CMB

DM profile  y~line
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Going beyond mono jets and mono-photons. e.g.
similar searches involving other SM particles: -
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FIG. 4: Mono-lepton bounds and bounds from direct detec-
tion projected into the plane of the WIMP mass and the spin-
independent cross section with protons.
lines are from CMS 5 fb~! data at 7 TeV and 20 fb~! data
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A model: Dirac DM coupling to right-handed up quark (uR model):
pp->UU, U->y u - CMS Limit on g iy

DiFranzo, Nagao, Rajaraman & Tait JEH

=
O

M |

Limit on the coupling stre-
ngth in the plane of dark
matter mass and the medi-
ators.

Upper Limit on g

This DM particle has also
SI scat. No mass range is
entirely ruled out but
current limits on the
couplings are stronger.
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See also works from, P. Agrawal &

V. Rentala: 1304.3068, H. An, L-T Wang,
H. Zhang: 1308.0592, Y. Bai & J. Berger:
1308.0612 among others.
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Thank you



